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ABSTRACT

This investigation was carried out during two successive seasons on six years-old peach trees cv. ‘Florida prince’ grown in the Nubaria
district, Behera Governorate, Egypt, to study the effect of garlic extract and mineral oil spray on flowering, harvesting time, yield and
fruit quality attributes. Trees were sprayed once at the dormant bud stage after winter pruning (mid-November) to run-off with 1, 2 and
4% (v/v) of garlic extract and 2% mineral oil alone or in combinations. The following data was determined: flowering time (full bloom),
harvesting percentage at S5-day intervals with four harvests, yield, average fruit weight, volume, and diameter, fruit firmness, percentages
of seed/fruit and flesh/fruit weight, total soluble solids (TSS), titratable acidity (TA), total sugars, total chlorophyll and anthocyanin
contents. 4% garlic extract advanced full bloom by 20 and 16 days, increased yield by about 57 and 37% and also advanced the beginning
of harvest time by about 5 and 10 days than the control in the first and second seasons, respectively. Fruits obtained from trees sprayed
with 4% garlic extract had the heaviest and largest fruits with the highest TSS and the lowest TA than other treatments in both seasons.
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INTRODUCTION

Peach is one of the most important deciduous fruit crops. In
Egypt, the common peach cultivar grown at Noubaria dis-
trict is cv. ‘Florida prince’. Early harvest accompanied with
high fruit quality for this cultivar is of high importance for
fruit growers either for exportation or the local market
demands, thus obtaining the benefit of higher prices. In this
respect, the use of dormant breakers is now a common hor-
ticultural practice for early harvest and improved fruit qua-
lity in peach orchards. In conventional agriculture, the ap-
plication of hydrogen cyanamide and or/calcium cyanamide
are effective chemical agents used for inducing bud break-
ing among several species of deciduous plants (Lavee and
May 1997).

However, the use of natural products in horticultural
practices instead of other synthetic chemical products is
becoming a main target for many fruit crop producers,
where, the world market has been growing rapidly in recent
years for organic fruit production (Dimitri and Oberholtzer
2000).

Nevertheless, chemical bud break agents are not au-

thorized for use in organic cultivation (Arispuro et al. 2008).

In this respect, chemical analyses of garlic cloves have re-
vealed an unusual concentration of sulfur compounds 1-3%
(Koch and Lawson 1996). The active substances in garlic
responsible for breaking bud dormancy in grapevines (Vitis
vinifera L. cv. ‘Muscat of Alexandria’ and V. vinifera X V.
labruscna Bailey cv. ‘Kyoho’) are sulfur compounds; the
effects of the active substances on bud break in varied
among the concentrations and the duration of exposure (Ku-
bota et al. 1999). Substances with sulfur molecules interrupt
the dormancy of different species of deciduous plants (Hart-
mann et al. 2000). The action mechanism of dormancy-
breaking compounds has been investigated; a sharp increase
in respiration rate was observed within 15 hr after H,S, allyl

sulfide or garlic vapour treatment of dormant tubers of
platycodon (Platycodon grandiflorus) (Hosoki et al. 1985).

Previous reports stated that garlic (Allium sativum L.)
extracts or paste prepared from fresh garlic induces break-
ing of dormancy in a manner similar to calcium cyanamide
when applied to grapevine and apple (Kubota et al. 2000;
Serag El-Deen 2002; Botelho and Muller 2007).

In the present study, garlic extract (GE) and mineral oil
were evaluated as bud breakers in peach trees cv. ‘Florida
prince’ to obtain early flowering and harvest with highly
desirable fruit quality.

MATERIALS AND METHODS

The present investigation was carried out during two successive
seasons 2005-2006 and 2006-2007 on cv. ‘Florida prince’ peach
budded on ‘Nemagard’ rootstock, grown at a private orchard lo-
cated at El-Nubaria district, El-Behera Governorate, Egypt. Trees
were six years old, planted 7.0 x 3.5 m apart in a sandy soil. Trees
received the same cultural practices including: drip irrigation, fer-
tilization, pruning as well as pest and disease control. Twenty-four
trees uniform in vigor and size as possible were selected for this
study. All trees received the same volume of the spraying solution.

The experiment included eight spraying treatments as follows:
1) Control (sprayed with water); 2) 2% MO (MO = Alpoluom®,
80% mineral oil, Kafr El-Zayat Pesticides and Chemicals Co., Al-
Gharbiya Governorate, Egypt); 3) 1% GE (1 mL/100 mL); 4) 2%
GE; 5) 4% GE; 6) 1% GE + 2% MO; 7) 2% GE + 2% MO; 8) 4%
GE + 2% MO.

The experimental trees were arranged in a randomized com-
plete block design and sprayed once at dormant bud stage (mid
November) during the two seasons of study.

The GE was prepared from 100 g of fresh Egyptian white gar-
lic (Allium sativum L.) peeled cloves, mashed in a porcelain mor-
tar (Kubota and Miyamuki 1992), then crushed in 0.5 L distilled
water using a mixer, filtered and decanted by distilled water to 1 L
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to obtain 10% GE that was diluted to get 1, 2 and 4% (v/v).
During both seasons data were recorded for the following

parameters:

a) Full bloom: period in days beginning from time of spray (15/11)

to full bloom, (50% flowering), according to Shaltout (1987).

b) Accumulative harvested fruits (%) every 5 days during four

harvest times as follows: Number of fruits picked each time/Total

number fruits x 100

¢) Yield: Number of fruits/tree at harvest times at 10, 15, 20, and

25 of April during 2006 and 15, 20, 25 and 30 of April during

2007 seasons.

d) Yield (kg/tree), calculated as follows:

Total number of fruits/tree at harvest times x average fruit weight.

e) Fruit quality: A sample of 10 fruits was randomly taken during

harvests on the 25™ April in 2006 and on the 30™ April in 2007 to

determine:

i. Physical characteristics

Average fruit weight (g), average fruit size (cm’) and fruit dia-
meter (cm) were determined by ordinary methods. Fruit firmness
was determined as (Ib/inch?) by using a Magness pressure tester
(with a 5/16 plunger).

Flesh weight (%) = Fruit weight — seed weight/Fruit weight x 100
Seed weight (%) = Seed weight/Fruit weight x 100

ii. Chemical characteristics

Total soluble solids (TSS%), total acidity (%),total sugars (%) and
TSS/acid ratio were determined according to A.O.A.C. (1985).
Total chlorophyll was determined using a spectrophotometer
(Model 1601 PC UV-Visible spectrophotometer, Shimadzu, Kyoto,
Japan) as described by Wettstein (1957). Anthocyanin was deter-
mined by a spectrophotometer as described by Hsia et al. (1965).

Statistical analysis

The obtained data were subject to analysis of variance and the
least significance difference (L.S.D.) at 5% was used for com-
paring differences between treatments according to Snedecor and
Cochran (1980).

RESULTS AND DISCUSSION
Full bloom

Data in Figs. 1 and 2 shows that most treatments, especially
those that included GE at a high concentration caused a
great impact on earliness of flowering. 4% GE showed
superiority in earliness of full bloom over all other treat-
ments during both seasons, and that such a treatment ad-
vanced full bloom time significantly more than the other
treatments in both seasons, except for the 4% GE + 2% MO
treatment, where no significance was observed in the sec-
ond season.

This means that peach trees cv. ‘Florida prince’ reached
full bloom in response to 4% GE 20 and 16 days earlier
than control trees in the first and second season, respec-
tively. This proves that full bloom of peach trees was ad-
vanced with increasing GE concentration either sprayed
individually or combined with MO.

The earliness of flowering in trees sprayed with GE at a
high concentration may be explained due to the advanced
bud break and consequently advanced full bloom, this res-
ponse coinciding with that observed by Hosoki et al. (1984)
who found that fresh garlic paste resulted in early flowering
of peony tree (Paeonia suffruticosa) when applied to dor-
mant buds. These results also agree with those of Serag El-
Deen (2002) who found that vines treated with GE bloomed
about 4-6 days earlier than the control. Similarly, Botelho et
al. (2007) found that 1.5 or 3% GE spray improved and ad-
vanced bud sprouting of grapevine cuttings over the control.
Also, the results are in harmony with those obtained by
Botelho and Muller (2007) who found that the application
of 10% GE + 2% MO was effective in advancing bloom of
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Fig. 1 Effect of garlic extract and mineral oil spray on full bloom time
(in days) of peach trees cv. ‘Florida prince’ in the 2006 season.
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Fig. 2 Effect of garlic extract and mineral oil spray on full bloom time
(in days) of peach trees cv. ‘Florida prince’ in the 2007 season.

‘Royal Gala’ apple trees and Arispuro et al. (2008) who
reported that the products derived from garlic-advanced bud
breaking in grapes cv. ‘Flame Seedless’ by about 14-16
days in relation to the control.

Harvest time

Concerning harvest time, data in Figs. 3 and 4 indicates that
most treatments significantly advanced harvest time com-
pared with the control in both seasons. It is also noticeable
that GE at a high concentration showed superiority over
other treatments. In 2006 season, 4% GE resulted the high-
est picking percentage during the harvest periods (10/4,
15/4, 20/4 and 25/4) where it recorded 21.3, 62.8, 86.2 and
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Fig. 3 Effect of garlic extract and mineral oil spray on fruit accumula-
tive picking % of peach trees cv. ‘Florida prince’ during harvest
periods in the 2006 season.
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Fig. 4 Effect of garlic extract and mineral oil spray on fruit accumu-
lative picking % of peach trees cv. ‘Florida prince’ during harvest
periods in 2007 season.

100% compared with the control which recorded 0.0, 4.7,
40.2 and 68.4% during the same harvesting periods, respec-
tively. A similar trend was observed in the second season. It
is clear from the obtained results that increasing GE con-
centration was positively related with an advance in harvest
time. These results are in agreement with those found by
Serag El-Deen (2002) who mentioned that 10 and 20% GE
application were significantly effective in advancing har-
vesting date of ‘Thompson seedless’ grape (Vitis vinifera
L.) than the control.

However, the advance in harvest and also the high per-
centage of accumulative picked fruits were obtained when
4% GE was used in all four harvests, reflected positively on
the shortening of the harvest time (in days) than other treat-
ments. Kubota et al. (2000) found that GE advanced bud
break of grapevines (Vitis vinifera X Vitis labruscana, cv.
‘Pione’ and Vitis vinifera cv. ‘Thompson seedless’) signifi-
cantly and caused uniformity in bud break, but the ef-
fectiveness varied according the concentration.

Yield

Results in Table 1 show that all treatments decreased the
number of fruits per tree compared with the control. How-
ever, yield (kg/tree) increased significantly in all treatments
except for 2% MO which decreased yield more than the

Table 1 Effect of garlic extract and mineral oil spray on yield as number
and weight (kg/tree) of peach trees cv. ‘Florida prince’ during harvest periods
in 2006 and 2007 seasons.

Treatments Fruit No. /tree Yield (kg/tree)
2006 2007 2006 2007
1- Control 385.67 a 45133 a 30.59 ef 34.73d
2-2%MO 269.00 e 320.67 ¢ 2636 g 27.44 f
3- 1%GE 341.67b 417.00 b 35.60 be 4490 b
4-2%GE 334.00bc  390.67 ¢ 3731b 4244 ¢
5- 4%GE 332.67bc  356.67d 48.14 a 47.44 a
6- 1%GE +2%MO  297.00d 32733 ¢ 30.30 £ 32.62¢
7-2%GE +2%MO  303.33d 353.33d 32.45 de 33.19 de
8-4%GE +2%MO  314.67cd 353.67d 33.65 cd 43.48 be
LSD at 0.05 % 21.747 14.115 2.140 1.821

Means having the same letter (s) within a column are not significantly differ at
5% level

control in both seasons.

Highest yields (48.1 and 47.4 kg/tree) were obtained
from trees sprayed with 4% GE in the first and second sea-
son, respectively. Results indicate that the presence of MO
with GE at any concentration significantly decreased yield
more than GE sprayed alone.

These results are in agreement with previous findings
on grapes reported by Serag El-Deen (2002) who found that
GE application at 10% was significantly effective in increa-
sing the yield of ‘Thompson’ seedless grapes by 51.6 and
33% more than the control in the first and second seasons,
respectively.

Fruit quality

Results in Tables 2 and 3 show the effect of GE and MO
spray on some physical and chemical fruit characteristics of
peach trees cv. ‘Florida prince’ during 2006 and 2007 sea-
sons.

All treatments significantly increased fruit weight com-
pared with the control in both seasons. GE at 4% recorded
the highest fruit weight values (144.67 and 133.0 g) com-
pared with the control (79.38 and 77.0 g) in the first and
second seasons, respectively. Other treatments exhibited
intermediate fruit weight values.

Concerning fruit size, all treatments resulted in signi-
ficantly larger fruit than the control; the largest fruit was
obtained with 4% GE. However, the increase in fruit size in
response to any of the remaining treatments was significant
in both seasons compared with the control, except for 2%

Table 2 Effect of garlic extract and mineral oil spray on some physical fruit characteristics of peach trees cv. ‘Florida prince’in 2006 and 2007 seasons.

Treatments Fruit weight  Fruit size Fruit diameter Fruit firmness Flesh weight/fruit weight Seed weight/fruit weight
@ (cm’) (cm) (Ib/inch?) (%) (%)
2006
1- Control 79.38d 80.67 ¢ 4.97 16.43 a 87.80 a 12.20d
2-2% MO 98.22¢ 105.00 d 5.33 1533 ¢ 86.90 b 13.10¢
3- 1% GE 104.49 be 118.70 b 543 1597b 87.57 ab 12.43 cd
4-2% GE 111.80 b 108.03 cd 5.40 14.53d 87.37 ab 12.63 cd
5-4% GE 144.67 a 138.73 a 6.10 12.50 f 83.93 ¢ 16.07 b
6-1% GE+2% MO  102.06 ¢ 103.30d 5.43 15.60 be 86.80 b 1320 ¢
7-2% GE +2% MO  107.03 be 113.87 be 5.47 14.30d 84.20 ¢ 15.80 b
8-4% GE +2% MO  106.94 bc 107.47 cd 527 1353 83.03d 16.97 a
LSD at 0.05 % 9.681 7.723 N.S 0.399 0.797 0.797
2007
1- Control 77.00 g 78.83d 5.00e 16.00 a 90.70 a 9.30e¢
2- 2% MO 85.60 f 85.80d 540 cd 14.80 b 86.17 cd 13.83 be
3- 1% GE 107.70 ¢ 110.70 ¢ 5.63 ¢ 15.87 a 87.63 be 12.37 cd
4-2% GE 108.70 ¢ 108.70 ¢ 6.00 b 14.07 ¢ 89.13 ab 10.87 de
5-4% GE 133.00 a 136.47 a 633a 12.13 e 84.77 de 15.23 ab
6-1% GE+2% MO  99.73d 10743 ¢ 5.30d 15.03b 87.77 be 12.23 cd
7-2% GE+2% MO  94.00 ¢ 104.80 ¢ 5.60 ¢ 14.10 ¢ 84.07 ¢ 1593 a
8-4% GE +2% MO  123.00b 124.13 b 6.03b 13.20d 84.10 e 1590 a
LSD at 0.05 % 0.525 0.015 4.027 0.015 0.015 2.639

. Means having the same letter (s) within a column are not significantly differ at 5% level
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Table 3 Effect of garlic extract and mineral oil spray on some chemical fruit characteristics of peach trees cv. ‘Florida prince’ in 2006 and 2007 seasons.

Treatments T.S.S Acidity Total sugars Chlorophyll Anthocyanin OD *  T.S.S/ acid ratio
(%) (%) (%) (%)
1- Control 983e 0.46 a 4320¢ 0.60 a 0.417? 21.37d
2006
2-2% MO 10.03 de 0.44 ab 45.57d 0.58b 0.38? 22.80d
3- 1% GE 10.40d 0.44b 50.43 ¢ 0.56 ¢ 0.41? 23.64d
4-2% GE 11.80 ¢ 041c 50.73 be 0.53d 0.42? 28.78 ¢
5-4% GE 13.87a 0.37d 5453 a 043 g 0.45? 3749 a
6- 1% GE + 2% MO 1147 ¢ 041c 46.13d 049 e 0.44? 2798 ¢
7- 2% GE + 2% MO 12.43b 0.39d 50.37¢ 0.44 fg 0.44? 31.87b
8- 4% GE + 2% MO 1340 a 0.38d 52.70 ab 045f 0.42? 35.26a
LSD at 0.05% 0.476 0.021 2.206 0.015 N.S 2.628
2007
1- Control 893 ¢ 0.47 a 4283 f 0.58a 033f 19.00 e
2- 2% MO 9.87d 0.44b 44.30 ef 0.55b 035e 22.43d
3- 1% GE 10.83 ¢ 041c 50.83 cd 053¢ 0.37d 2641 ¢
4-2% GE 11.63b 0.38d 53.43 be 0.51d 0.38d 30.61b
5- 4% GE 1353 a 0.33e 58.13a 044 ¢ 0.43b 41.00 a
6- 1% GE + 2% MO 10.47 ¢ 041c 48.10 de 053¢ 037d 2554 ¢
7- 2% GE + 2% MO 11.90 b 0.37d 55.00 ab 0.50d 040 c 32.16b
8- 4% GE + 2% MO 1350 a 033e 58.60 a 044 e 0.45a 4091 a
LSD at 0.05% 0.525 0.015 4.027 0.015 0.015 2.639

*: Optical density

Means having the same letter (s) within a column are not significantly differ at 5% level

MO, which was not significantly different in the second
season.

Fruit diameter was improved by different treatments.
Highest fruit diameter was obtained from 4% GE, followed
by 4% GE + 2% MO, 2% GE + 2% MO and 1% GE + 2%
MO in descending order. The differences among fruit dia-
meter means corresponding to those four treatments were
significant in the second season only.

Generally, all treatments significantly decreased fruit
firmness in the two seasons compared to the control. There
was a direct proportional relationship between the concen-
tration of GE spray applied alone or combined with MO
and fruit firmness: the lower the GE concentration, the fir-
mer the fruit.

Flesh weight percent decreased in to all tested treat-
ments compared with the control, except for fruits obtained
from tress sprayed with GE at the lower concentrations in
2006, and in 2007.

All treatments increased seed weight % significantly
compared with the control. However, seed weight % in-
creased proportionally with increasing GE concentration:
the higher the GE concentration, the higher the seed
weight %.

Data in Table 3 shows that all treatments significantly
increased the percentage of total soluble solids (TSS) com-
pared with the control.

In both seasons, the high TSS% resulted from 4% GE
and 4% GE + 2% MO, followed in descending order by 2%
GE, 1% GE, 2% GE + 2% MO and 1% GE + 2% MO. The
use of MO with GE sprays had no noticeable effect on
TSS% compared with GE sprays alone. Moreover, it is
obvious that TSS% tended to increase due to increasing GE
concentration.

The acidity % of all treatments decreased significantly
compared with the control. The least acidic value was ob-
tained from GE at 4%. However, the higher the GE concen-
tration, the lower the fruit acidity. This was true for either
GE sprayed alone or with MO. However, no significant
differences in acidity were observed in fruit obtained from
trees treated with GE alone or with the same concentration
of GE and MO in both seasons.

Data presented in Table 3 shows that all treatments
increased total sugars content more than the control. A par-
ticular trend in total sugars content was noticed in both sea-
sons, where the higher the GE concentration, the higher the
total sugars content.

Total sugars content obtained by GE spray at any con-
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centration and MO did not differ significantly than when
GE was sprayed alone.

Results showed that chlorophyll content decreased sig-
nificantly for all treatments in both seasons compared with
the control (Table 3). Moreover, chlorophyll content de-
creased gradually and significantly as GE concentration in-
creased; least values were obtained with 4% GE, especially
when sprayed alone.

Most treatments increased anthocyanin content slightly
compared to the control but the increment was not signi-
ficant in the first season. However, in the second season, all
treatments significantly increased anthocyanin content than
the control. Anthocyanin values increased proportionally
with increasing GE concentration. The highest value of an-
thocyanin was obtained at 4% GE + 2% MO.

The TSS/acid ratio followed the same trend obtained in
TSS in both seasons, where all treatments significantly
increased the TSS/acid ratio compared to the control. In this
respect, the higher GE concentration resulted in a higher
TSS/acid ratio.

GE spray at high concentrations appeared to improve
both physical and chemical fruit characteristics compared
with other treatments. Fruits of control trees harvested after
84 and 78 days beginning from full bloom at 25/4 in 2006
and at 30/4 in 2007 seasons, respectively, while fruits from
trees sprayed with 4% GE were harvested after 102 and 94
days from full bloom in the first and second seasons, res-
pectively. A similar trend was obtained in other treatments
but varied depending on GE concentration and season.

These results may be explained by the findings of
Lopez et al. (2007) who concluded that there was a strong
correlation between the number of days from full bloom
date to reference date, in which fruit size at the reference
date increased with an increase in the number of days from
full bloom date to reference date. Lott (1965), quoted by
Lewallen (2000), mentioned that changes that occur during
peach maturation and ripening include a general decrease in
flesh firmness, increase in sugar concentration and decrease
in acid concentration. Similarly, Seymour ef al. (1993) sug-
gested that for acceptable peach fruit quality, soluble solids
concentration should exceed 10% at harvest.

CONCLUSION

Under the present experimental conditions, spraying 4% GE
once in mid-November is a promising treatment for peach
trees cv. ‘Florida prince’ to advance full bloom and harvest
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time as well as increase yield, where such cultivar require a
period ranged between 94 to 104 days starting from full
bloom till harvest to obtain high fruit quality.
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